Introduction
Seven years into the 21 st century, the United States and the world remain heavily dependent on the fuel that powered the last 100 years: crude oil. President Bush has gone so far as to call that dependence an "addiction".
Concern about the depletion of conventional global oil reserves seems to have intensified for several reasons, including technological improvements in geological data gathering and analysis, the increasingly sparse reserves discovered by new drilling, question marks over the real size of global proven reserves and concerns that much of the world's conventional oil especially in the Middle East, is coming from old and overexploited mega-fields that are becoming less productive. There is no risk that we are running out of oil but chances of being able to match the projected growth in demand over the medium term with a rise in production is being seriously questioned.
Opinions on peak oil range from optimistic predictions that the market economy will produce a solution to predictions of doomsday scenarios of a global economy unable to meet its energy needs. The reality, as is always the case, is somewhere in between.
The Peak Oil Theory
Peak oil theory, also known as the Hubbert peak theory after the American Geologist H King Hubbert, concerns the long-term rate of extraction and depletion in conventional oil and other fossil fuels. It states that any finite resource such as crude oil will have a beginning, middle and an end of production, and at some point it will peak. Oil production typically follows a bell-shaped curve when charted on a graph with the peak of production occurring when approximately half of the oil has been extracted. With some exceptions, this holds true for a single well, a whole field, an entire region, and presumably the world (see Figure 1 ). Peak Oil does not mean 'running out of oil', but 'running out of cheap oil'. There is a big difference between oil supplies not running out, and supply meeting demand.
So When Will Oil Peak Globally?
A great battle is raging today, largely behind the scenes, about when will global conventional oil production peak and what will happen when we do. In one camp are the "optimists" who tell us that 2 trillion barrels of oil or more remain to be exploited in oil reserves and future discoveries. In the other camp are the "realists" who reckon that 1 trillion barrels of oil, or less, are left.
In a society that has allowed its economies to become geared almost inextricably to growing supplies of cheap oil, the difference between 1 and 2 trillion barrels is seismic.
If 2 trillion barrels of oil or more remain, then the peak lies far away in the 2030s and we have enough time to bring in alternatives to oil. If only 1 trillion barrels remain, however, the peak is already upon us or will arrive some time soon and there probably isn't even enough time to make a sustainable transition to alternatives. Many experts think the peak in global oil production could be reached some time between now and 2010, others that it will come between 2010 and 2020. My own research, however, indicates that the peak may have already been reached in 2004 if we factor in what I describe as "OPEC's inflated proven oil reserves". My research indicates that OPEC's proven oil reserves are overstated by some 300 billion barrels (bb). 1
In a recent report entitled:" Energy Trends & Their Implications for US Army Installations" published by the Pentagon, the US Army predicts that world oil production is at or near peak and that current world demand exceeds the supply. It says that the almost quadrupling of oil prices since 2002 is not an anomaly but a picture of the future. Once worldwide oil production peaks, geopolitics and market economics will result in even more significant price increases and security risks. Oil wars are certainly not out of the question. (The war on Iraq was a foretaste what's to come). The report warns that the days of inexpensive, convenient, abundant energy sources are quickly drawing to a close. 2 A risk mitigation study, also known as the Hirsch Report, commissioned by the US Department of Energy and released in early 2005 entitled:" Peaking of World Oil Production: Impacts, Mitigation & Risk Management" warns that as peak approaches, liquid fuel prices and price volatility will increase dramatically, and, without mitigation, the economic, social and political costs will be unprecedented. The report goes on to say that viable mitigation options exist on both the supply and demand sides, but to have substantial impact, they should have been initiated more than a decade before the approach of the peak. Unfortunately, nothing like the kind of efforts envisaged have yet begun. 3
A most recent report released on 29 March 2007 by the US Government Accountability Office (GAO) and entitled "Crude Oil: Uncertainty about Future Oil Supply Makes it Important to Develop a Strategy for Addressing a Peak & Decline in Oil Production", warned that a peak in oil production could occur any time between now and 2040 and that the US government was totally unprepared. The report concludes that "the prospect of a peak presents problems of global proportion whose consequences will depend critically on our preparedness. The consequences would be most dire if a peak occurred soon, without warning, and was followed by a sharp decline in oil production because alternative energy sources, particularly for transportation, are not yet available in large quantities. Such a peak would require sharp reductions in oil consumption, and the competition for increasingly scarce energy would drive up prices, possibly to unprecedented levels, causing severe economic damage". Table 1 ). The only one among the top producers that has clear capability to increase production is Iraq once stability is restored to the country. Saudi plans for massively increasing its oil production capacity to 15 mbd over the next two decades are generally considered to be a pipedream. 8 Saudi oil production is projected to peak at 12 mbd. 9
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Saudi Arabia's four biggest oilfields (Ghawar, Safaniya, Hanifa and Khafji) are all more than fifty years old, having produced almost all Saudi oil in the last half century. These days they have to be kept flowing in large measure by injection of water. This is of explosive significance since they could be on the verge of seeing a collapse of 30%-40% of their production in the imminent future and imminent means sometime in the next three to five years -but it could even be tomorrow. 10
Iran is another case of highly inflated proven reserves. In the US, discovery peaked in 1930 and production peaked 40 years later in1970. And despite all the technology we hear about, world discovery peaked in1962 and production of conventional oil peaked in 2006. As for the Middle East, discovery peaked in 1965 and peak production will be reached by 2009. Since production has to mirror discovery, it should surprise no one that we now face the corresponding peak of production.
The Ultimate Global Proven Reserves
Estimates at the beginning of 2007 indicate that there are just 1044 bb of conventional oil yet-to-produce. This is defined as the sum total of global remaining reserves and any reserve additions from new discoveries (see Table 2 ).
The expert consensus is that the world peak will be reached when 1,050 bb of oil have been produced -that is to say, half the ultimate reserves of 2,100 bb. With1056 bb already produced, this means that conventional oil production peaked in 2006. However, if we factor in what I describe as "OPEC's inflated proven oil reserves, then peak may have already occurred in 2004. 3 Annual production as % of the yet-to-produce 
What Does Peak Mean for Our Societies?
We have allowed oil to become vital to virtually everything we do. 90 % of all our transportation, whether by land, air or sea, is fuelled by oil. 95% of all goods in shops involve the use of oil. Just to farm a single cow and deliver it to market requires six barrels of oil, enough to drive a car from New York to Los Angeles and back. 13
Our industrial societies and our financial systems were built on the assumption of continual growth -growth fuelled by ever more readily available cheap fossil fuels, particularly crude oil. Oil currently accounts for 36% of the world's primary energy consumption and 95% of global transport fuel consumption (see Table 3 ).
Table 3 Global Primary Energy Consumption, 2006
(mtoe)
To evaluate other energy sources it helps to understand the concept of Net Energy, or the Energy Return on Investment (EROI). One of the reasons our economies have grown so abundant so quickly over the last few generations is precisely because oil has had an unprecedented high EROI ratio. In the early days of oil, for every barrel of oil used for exploration and drilling, up to 50 barrels of oil were found. More recently the ratio has declined to 5:1 and, in some cases, to 1.1. Certain alternative energy sources such as ethanol and biodiesel may actually have EROI ratios of less than 1. 14 Some alternative energy sources such as wind and hydro-power may have much better EROI ratio. However, their potential expansion may be limited by various physical factors. Even in combination it may not be possible to gather from renewable energy anything like the amount of energy that industrial societies are accustomed to.
Characteristics of Peak in Oil Production
A peak in oil production would manifest itself by rapidly escalating prices, a slowdown in production, a growing supply deficit, declining discovery rate of new oil and also a declining Energy Return on Investment (EROI) ratio. All these characteristics exist today. Table 4 ). 2005  2006  2010  2020 (
Table 4 Actual & Projected Global Oil Production, 2005-2030 (mbd) ---------------------------------------------------------------------------------------------------------------------
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ii)-Declining Discovery Rate
As for discovery rate, the world is currently consuming 31 bb a year, yet on average finding just over 6 bb a year. Over the period 1992-2006, only 23% of the global oil production has been replaced by new discoveries (see Table 5 ). 
(iii)-Declining Energy Return on Investment (EROI) Ratio
When oil production first began in the mid-nineteenth century, the largest oilfields recovered 50 barrels of oil for every barrel used in the extraction, transportation and refining giving it an EROI ration of 50:1. This ratio has now declined to 5:1 and, in some cases, to 1:1.
(iv)-Tight Production Capacity
Global production capacity has been virtually static since the late 1990s. Only when the oil price started to increase sharply from 2002 onwards did the major OPEC and non-OPEC producers decide to start investing in capacity expansion. Still the net global capacity addition amounted to only 1 mbd in 2006 and is projected to rise to 1.19 mbd by 2010 (see Table 6 ). ------------------------------------------------------------------------------------------------------- The top five producers in the Arab Gulf: Iran, Iraq, Kuwait, Saudi Arabia and UAE currently produce around 21 mbd, a quarter of the global total. If global demand continues to rise at 1.5% per annum, these five countries will have to meet around twothirds of the global demand. The combined current net capacity of the five Gulf producers is estimated at 20.65 mbd. This is projected to rise to 21.23 mbd by this year and 22.80 by 2010 (see Table 7 ). --------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------- 
Summing up the reported capacity in the Gulf we find that if the rate of demand continues at 1.5% they will fail to meet global demand as soon as 2011. If it rises to 2.5% the demand gap appears in 2008. If it is 3.5% -the rates in China and the US of late -the gap is already here.
So how much investment is needed to fix the shortfall? Over the next ten years, assuming oil demand increases as commonly projected, $2.4 trillion will need to be spent. 15
In February 2006, President Bush spoke of America's oil addiction in his State of Union address and said the habit must be kicked with a major programme of rehab. OPEC duly responded that the president's proposal could have an impact upon their plans to invest in new production capacity, and so compound the problems for energy supply. Ministers said they feared a return to the situation in the 1970s and 1980s when billions of dollars were invested in capacity expansion and the oil price fell. The International Energy Agency's (IEA) rosy hopes for future OPEC production will depend on OPEC members doubling investment in capacity expansion. But will OPEC double investment, knowing their biggest customer might go into rehab? Instead, they may decide to deposit the billions of dollars needed for major capacity expansion in the bank.
Can Unconventional Oil Resources Bridge the Energy Gap?
Unconventional oil resources in the form of tar sands, extra-heavy oil, bitumen and oil shale are estimated at 6.5 trillion barrels of which some 745 bb are classified as recoverable reserves: 315 bb of tar sands oil reserves in Canada, an estimated 270 bb of extra-heavy oil and bitumen reserves in Venezuela and 160 bb of oil shale worldwide.
But consider how much is being produced today. Canada's National Energy Board puts production of tar sand oil at 1 mbd. The Canadian Association of Petroleum Producers forecast an increase in production to 2.6 mbd by 2015. 16 Ironically, concerns are emerging that Canadian gas is depleting so fast that there won't be enough power available to heat water for the oil sands expansion operations anyway. If production reaches 2.2 mbd, the draw on gas could be as much as 2.5 billion cubic feet (bcf) per day, or 15% of Canada's current gas production of 16.8 bcf/day. This would place significant demands on dwindling supplies. The only way the 300-plus bb of tar sand oil could be extracted is to build nuclear power plants dedicated to the job.
By 2010, unconventional oil is projected to contribute only 2.80 mbd rising to 6.00 mbd in 2030. Unconventional oil will be hard pressed to meet 3% and 5% of the global demand for conventional oil in 2010 and 2030 respectively (see Table 8 ). As for renewable energy sources, they contributed only 1% to the global primary energy demand in 2005. Their contribution may not exceed 6% in 2025, possibly rising to 13% by 2050 (see Table 9 ). However, one dramatic but largely overlooked change in the global balance of economic power is the shift of wealth toward countries that supply energy and raw materials. Since 2002, the major global oil exporters have seen their oil revenues more than double and surpluses quadruple while the external accounts of the major oil-importing countries have deteriorated, intensifying global economic imbalances and dampening growth. The overall transfers from oil consumers to oil producers in 2007 are projected to reach $1.3 trillion, or 3% of world GDP. 17 This would amount to a recycling problem of increasing complexity, from both an economic and a political point of view. However, the specific global and national impacts will depend on whether the oil windfall is recycled into the global economy.
Table 8 Contribution of Unconventional Oil to Global Oil Demand, 2006-2030 (mbd) ---------------------------------------------------------------------------------------------------------
But the petro-dollar boom has more worrisome implications too. With the continued weakening of the dollar since 2002, many oil-producing countries are starting to diversify their petrodollars into new assets away from the dollar. My research shows that if the OPEC producers priced their oil in a basket of three equally-weighted currencies made up of the US dollar, the yen and the euro instead of the dollar, they would have earned an extra $52 bn in 2005. 18 This could have a very serious impact on the value of the US dollar as a petro-currency and also as a global reserve currency. It would reduce the demand for the dollar and cause it to weaken further while the US would find it very hard to finance its mushrooming twin deficits -its trade and budget deficits. In 2006, the US budget deficit reached about $800 bn, bringing the cumulative total since 1996 to a $4.4 trillion. 19 The dollar's reserve currency status has allowed it to run up debts no other country in history could have got away with. The major beneficiaries of such investment diversification would be the euro and the yen.
The United States has seen a steadily weakening dollar as an answer to its everwidening current account deficit. After all, the dollar has depreciated about 25% against a basket of currencies since 2002 without a peep from Washington. The United States has been pushing relentlessly for China and other Asian countries to revalue their currencies, thereby trying to make the dollar relatively weaker. Indeed, the US has been relying entirely on a depreciating dollar to increase exports and restrain imports. It has not encouraged domestic savings in order to reduce the need for massive inflows of foreign funds. It would be one thing if this lopsided policy was working, but the current account has continued to increase from its record-breaking $850 bn last year. In addition, the dollar cannot sink far enough to restrain imports without creating a panic. For example, while a softer dollar has benefited exporters, almost no conceivable dollar depreciation would be enough to significantly narrow the trade gap, simply because the value of the imports is twice that of exports. 20
Because the United States needs to borrow more than $2 bn each day from abroad to finance its imports and service its $3 trillion foreign debt, a dollar that plummets too fast would necessitate a rise in US interest rates to attract foreign funds. Thus the United States would end up with inflation, high interest rates and recession. Finally, a weakening dollar could lead to more acquisitions by the cash-rich countries -China and the Gulf states -that arouse political backlash in America. That could ignite more protectionist pressures and send Wall Street reeling and could also precipitate a global currency crisis. 21
An Asian Oil Demand Shock?
While we recognize the risks associated with a supply shock in the oil patch, we believe investors should be just as concerned about the demand shock evolving from Asia. At the moment, Asia's energy resources are grossly inadequate (see Table 10 ). The growing deficit between Asian supply and demand alone could keep energy prices high in the years ahead. The bottom line is that neither of Asia's fastest-growing economies has enough energy to feed its rapid industrialization and urbanization.
It is against this background that the concept of peak oil becomes more worrisome. High oil prices might not simply be a cyclical phenomenon brought about by peak demand in this five-year-old global economic recovery. Instead, high oil prices might be an early indication of a supply-demand imbalance that can't be reconciled by still higher prices. In this case, a more comprehensive oil shock surely awaits.
The Interplay Between Oil Peak & Geopolitics
As the world's number one consumer, the United States will have much to say about how the crisis -whether of early depletion or inadequate infrastructure and investment, or both -plays out. The geopolitics of American oil dependency sees four key trends in US energy behaviour: more imports, increasingly unstable and unfriendly suppliers, escalating risk of anti-American violence and rising competition for diminishing supplies.
Despite efforts to diversify the US energy mix, the United States is still heavily dependent on oil imports and this dependency can only deepen in the future.
In 2006 the US consumed 20.92 mbd, produced 6.87 mbd and imported 14.05 mbd. US dependence on imported oil rose from 34% in 1973 to 67% in 2006. By 2010 the US will have to import 72% of its oil needs rising to 84% by 2025 (see Table 11 ). ------------------------------------------------------------------------------------------------------------------- However, a clear distinction should be made between dependency on oil imports and vulnerability. Oil dependency does not necessarily mean that the US is vulnerable to oil supply disruptions. If the US oil imports come from many producers and one of them suddenly stopped exporting oil, this would have little impact on the US even at a high rate of US dependency, unless the producer is Saudi Arabia. The United States, for instance, imported 68% of its oil needs in 2005, but it did so from 60 different countries, no one of which accounted for more than 16% of the total (see Table 12 ). Concentration on a few suppliers, not dependency, would lead to vulnerability. Increasingly unfriendly suppliers and escalating anti-American violence are linked. The point here is that with growing dependence on oil imports, the US finds itself having to deal with governments and dictatorships in unstable countries.
Beyond the five Gulf producers, the US strategy of supplier diversification will look to eight main sources outside the Gulf region: Mexico, Venezuela, Colombia, Russia, Azerbaijan, Kazakhstan, Nigeria and Angola. These countries and their oil operations are characterized by one or more of the following attributes: corruption, organized crime, political turmoil and ruthless dictators. The US is being forced into deeper relationships with such regimes.
The bottom line is that any eruption of ethnic or political violence in these areas could do more than entrap American forces there. It could lead to a deadly confrontation between the world's military powers. Because obviously in a world as enduringly addicted to oil as ours is, others are going to be looking for their own supplies. China will be among them. Over the coming years we will see China more involved in Middle East politics. And they will want to have access to oil by cutting deals with corrupt dictatorships in the region, and perhaps providing components of weapons of mass destruction, ballistic missiles and nuclear technology, and that could definitely put them on a collision course with the United States. Oil dependency could yet prove to be the route to a third World War.
Most US presidents since the Second World War have ordered military action of some sort in the Middle East. American leaders may prefer to dress their military entanglements east of Suez in the rhetoric of democracy building, but the long-running strategic theme is obvious. It was stated most clearly, paradoxically, by the most liberal of them. In 1980 Jimmy Carter declared access to the Persian Gulf a vital national interest to be protected "by any means necessary, including military force". The US has been doing this ever since, clocking up a bill measured in thousands of billions of dollars, and counting.
Geopolitical pressures have also tightened on the world oil and gas markets over the last 12 months, never mind how big the reserves are. Iran has threatened to switch oil and gas exports to China if Europe and America push them hard on their nuclear ambitions. Venezuela has threatened the same, for different reasons. Russia has threatened to turn off the gas supply to Ukraine if the Ukrainians didn't pay higher prices, so threatening Europe's supply. Russia supplies around a quarter of EU's gas. And more recently, Russia stopped oil exports to Belarus and European customers farther down the line, in a row over tariffs and energy prices. Furthermore, a creeping re-nationalization of the oil and gas assets in Latin America is under way.
Can the World Be Weaned Off Oil?
I have so far endeavoured to prove the case for two big arguments. First, there is plenty of oil and gas left but not enough to feed growing global energy demand for much longer. Second, the peak in conventional oil production has already been reached in 2006 and when the market realizes this, severe economic traumas will ensue.
The truth of the matter is that the shortfall between current expectation of oil supply and actual availability will be such that neither gas, nor renewables, nor liquids from gas and coal, nor nuclear, nor any combination thereof, will be able to plug the gap in time to head off the economic trauma resulting from the peak. But doing nothing is not an option. It will only lead to conflicts and devastating wars in the future. This begs the question as to whether the world could eventually be weaned off oil. The answer to that is that it can only be done if we endeavour to change our way of life, easy said than done. But the dire alternative will eventually force us to change the way we live and seek alternative energy sources.
Meanwhile, there are short-term and long-term measures that governments can urgently take to reduce our addiction to oil and ward off the adverse impact of an energy crisis. Energy efficiency could be a first step. Automakers, for instance, could profitably increase fuel mileage to 66 mpg for light trucks and 92 mpg for cars at little additional cost. There are already technologies which can help the world reduce its reliance on conventional oil in transport. Put these technologies together and you get the car of the future, a plug-in hybrid with a flexible-fuel tank.
The current crop of hybrid cars get around 50 mpg. Make it a plug-in and you may get 75 miles. Replace the conventional fuel tank with a flexible-fuel tank that can run on a combination of 15% petroleum and 85% ethanol or methanol, and you could get between 400 and 500 miles per gallon of gasoline. (You don't get 500 miles per gallon of fuel but the crucial task is to lessen the use of petroleum). And ethanol and methanol are much cheaper than gasoline, so fuel costs would drop dramatically.
Conclusions
Global conventional oil production peaked in 2006. The current price fluctuations for crude oil are a manifestation of the peak.
A peak in oil production would manifest itself by rapidly escalating prices, a slowdown in production, a growing supply deficit, declining discovery rate of new oil and also a declining Energy Return on Investment ratio. All these characteristics exist today.
Peak oil is not only a reality but is already impacting on oil prices, the world economy and the global energy security. The almost quadrupling of oil prices since 2002 is not an anomaly but a picture of the future. With the peaking of global conventional oil production, geopolitics and market economics will result in even more significant price increases and security risks. Oil wars are certainly not out of the question. The governments of the major oil-consuming countries as well as the multi-national oil companies and some international organizations are in a state of denial about the implications of peak oil. Moreover, the days of inexpensive, convenient and abundant energy sources are quickly drawing to a close.
While it is impossible to wean the world off oil without a radical change in our life style, there are already technologies which can help reduce our addiction to oil. Major investments should therefore be channelled towards enhancing energy efficiency globally and the further development of a plug-in hybrid car with a flexible-fuel tank as an interim measure and ultimately hydrogen motor technology.
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